ABSTRACT A circulating antigen, a negatively charged polysaccharide from the trematode Schistosoma mansoni, was noncovalently bound to the surface of poly(L-lysine).coated wells in polystyrene trays, which were then used in a micro-enzymelinked immunosorbent assay (ELISA) test. The method provides an immunodiagnostic test for schistosomiasis of exceptional sensitivity with a high degree of specificity. Comparison Schistosomes elaborate an anodic antigen (C-Ag) detectable in the serum of infected animals (1), the amount of which is related to the number of worms present (2, 3). This observation suggested that serodiagnosis of infection and determination of the worm burden in man might be assessed by quantification of circulating antigen or of antibodies against it. We report the development of an enzyme-linked immunosorbent assay (ELISA) technique for the detection and quantification of antibody to C-Ag and results obtained with sera from a population living in an area endemic for schistosomiasis. The findings are correlated with the results of fecal egg counts.
Schistosomiasis, a debilitating disease caused by infection with one of several species of the trematode Schistosoma, is spreading due to proliferation of man-made environments suitable for the molluscan intermediate hosts. The concurrent recognition that schistosomiasis is an impediment to the economic growth of nations in the tropics has stimulated research. Morbidity in the individual with schistosomiasis often is directly related to the worm burden. Classically, the specific diagnosis of infection is based upon the microscopic demonstration of eggs, and an assessment of the worm burden is provided by quantification of eggs in the feces or urine.
Schistosomes elaborate an anodic antigen (C-Ag) detectable in the serum of infected animals (1), the amount of which is related to the number of worms present (2, 3) . This observation suggested that serodiagnosis of infection and determination of the worm burden in man might be assessed by quantification of circulating antigen or of antibodies against it. We report the development of an enzyme-linked immunosorbent assay (ELISA) technique for the detection and quantification of antibody to C-Ag and results obtained with sera from a population living in an area endemic for schistosomiasis. The findings are correlated with the results of fecal egg counts.
MATERIALS AND METHODS Antigen. Antigen was obtained from a Puerto Rican strain of S. mansoni by a modification of the method of Nash et al. (4) . Six weeks after hamsters were inoculated intraperitoneally with 300400 cercariae, the worms were harvested (5), washed in 0.15 M NaCI, lyophilized, and stored at -20°C. Antigen(s) was extracted by homogenizing 200-30 mg of lyophilate with 10 ml of 0.1 M NaOH in a cold Tenbroek homogenizer until particulate matter disappeared (a minimum of 10 min). The homogenate was stirred for 2-3 hr at 4°C. After centrifugation at 10,000 X g for 30 min at 4°C, absolute ethanol was added to the supernatant to a final concentration of 75% and the mixture was stored overnight at 40C. ml of an optimal concentration of antigen (200-400 jig/ml) diluted in P1/NaCl was introduced into each well; the plates were incubated for a minimum of 24 hr at 36°C and then stored at 4°C. Prior to use, plates coated with poly(L-lysine) and C-Ag were washed three times with Pi/NaCI and each well was filled with Pi/NaCl containing 5% fetal calf serum or bovine serum albumin and held for 24 hr at 4°C.
Assay Procedure. P1/NaCl containing 5% fetal calf serum or bovine serum albumin and 0.001% Tween 20 was used as diluent for sera and for subsequent washes. The wells were emptied by suction and 0.05 ml of diluent was added. Sera (0.05 ml of 1:10 dilution) under test were added to one row and doubling dilutions made with a Microtiter diluter. The trays were sealed with cellophane tape and incubated for 1-1.5 hr at 37°C. Then they were emptied by suction, washed three times over a 45-min period at room temperature, and again Abbreviations: C-Ag, schistosomal circulating antigen; ELISA, enzyme-linked immunosorbent assay; GaHIg-HRP, goat anti-human immunoglobulin serum labeled with horseradish peroxidase; HRP, horseradish peroxidase; Pi/NaCl, phosphate-buffered saline, pH 7.2.
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The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U. S. C. §1734 solely to indicate this fact. emptied. GaHIg-HRP (0.05 ml) was added to each well. The trays were reincubated and washed as before. Finally, 0.1 ml of 5-aminosalicylic acid (1 mg/ml) was added to each well and allowed to react with bound GaHIg-HRP for 35-45 min; the reaction then was stopped by addition of 0.05 ml of 5 M NaOH. Readings (peroxidase activity results in a reddish brown color) were made within 45 min of the addition of NaOH by using an inverted mirror. Known negative and positive control sera were run in each test. Occasionally, a faint reaction occurred at a 1:20 dilution of a control serum. Therefore, reactivity at a 21:40 dilution was considered specific. Optimal concentrations of reagents were determined by box titration of each component, as outlined elsewhere (7). The concentration of antigen was particularly important; on a weight basis, batches of antigen varied 2 to 4-fold in reactivity.
Test Sera. Human sera were provided by the HarvardWellcome/Federal University of Brazil/Pan American Health Organization project from Castro Alves, Bahia, Brazil, an area where Manson's schistosomiasis is highly endemic (8) . Ascariasis, trichuriasis, and hookworm are also common. As described (8) , data on the donors included the results of physical examinations, of fecal examinations for helminth eggs, and of S. nmnsoni egg counts by the Bell technique (9) .
Sera from patients with other tissue-invasive parasitic infections were coded and tested blindly. Control sera also were obtained from residents and patients in the Boston, MA, area.
Analysis of ELISA Results. In examining the relationship between titers of anti C-Ag and worm burdens as reflected by The specificity of the C-Ag ELISA was further investigated by testing sera from individuals infected with various parasitic Proc. Natl. Acad. Table 2 ). Of 38 sera tested, 36 were nonreactive and 2 exhibited C-Ag ELISA reactivity. These two were from an individual infected with another species of schistosome and one with visceral larva migrans (Toxocara ELISA titer, 1:4096). Serum from an individual with an acute Salmonella typi infection reacted at 1:40. Fig. 1 illustrates the relationship between the anti C-Ag antibody titer and the Bell egg count in individuals by age group. The striking correlation in the two youngest age groups (r = 0.79 for 1-9 yr; r = 0.78 for 10-19 yr) decays significantly by the fourth decade of life (r = 0.70 for 20-29 yr; r = 0.33 for 30-39 yr; r = 0.21 for >40 yr). The correlation also is less marked in younger individuals who are excreting eggs in excess of 1265 eggs per g of feces. However, the basic capacity of the test to discriminate between schistosome-infected and uninfected individuals is unaltered by age or by egg output.
DISCUSSION
We describe an ELISA method for the recognition and quantification of antibodies against a specific circulating schistosomal antigen. ELISA methods for diagnosis of parasitic infections, and for schistosomiasis in particular, have been reviewed (7) . In the past these have utilized crude worm or egg extracts as antigens. Because C-Ag is a polysaccharide, it does not adhere to polystyrene. We chose to bind C-Ag to polystyrene indirectly by utilizing poly(L-lysine). In our hands, ionic bonding is simple and reproducible, and this approach should broaden the spectrum of antigens applicable to the ELISA method.
The C-Ag utilized here is secreted by cells lining the gut of the schistosome (11, 12) , is elaborated by developing schistosomules (13) as well as adult worms, and is demonstrable in the serum of animals in advance of maturation of worms and egg desposition (3) . Antigenic stimulation of the host, therefore, is initiated with cercarial invasion, and its duration and degree reflect the worm burden (2, 3) . The difficulties of detecting schistosome eggs in light infections by the classical methods of fecal examination are recognized. A sensitive technique for the detection of specific C-Ag antibody-provided that specificity was not negated by the presence of like antigens in other pathogens-would greatly improve the capacity to detect light infections and should be particularly useful in the field in assessing changes in incidence of infection in the course of control operations.
The C-Ag ELISA test appears to meet these criteria. A high order of sensitivity is indicated because all schistosome eggexcreters examined were positive; it is noted that 29 had low egg counts. Furthermore, 12 of 71 "non-egg-excreters" living in the endemic area also were positive; it is probable that repetitive fecal examinations would have detected eggs in many of these individuals, particularly because analysis indicated that the specificity of the test was not influenced by intestinal helminthic infections common in rural Brazil.
The limitations of the test in terms of specificity require further definition. Crossreactivity in other human schistosomal infections is to be expected (4). Of 27 sera from patients with nine other tissue-invasive helminthic infections plus 8 sera from patients with amebiasis, only 1 reacted at a minimal diagnostic level-Le., a 1:40 titer obtained with serum from a patient with visceral larval migrans who had a high specific Toxocara ELISA titer. Serum from a patient with typhoid fever reacted at a 1:40 dilution, perhaps reflecting a common antigenic determi- (14) . The decrease in ELISA reactivity in individuals excreting more than 1265 eggs per g of feces may be associated with antigenic overloading (15) or may reflect antigen-antibody complexing. Immunological hyporesponsive states associated with other schistosomal antigens have been described (16) . The diminished response has been suggested as a factor in the pathology and epidemiology of schistosomiasis (17) . 
